The immunoglobulin-synthesizing activities of peripheral blood mononuclear cells from 57 untreated patients with Hodgkin's disease and 47 normal subjects were compared. Cumulative amounts of IgM and IgG synthesized and secreted by unstimulated and pokeweed mitogen-stimulated cells over a 7-d period were determined in a solid-phase radioimmunoassay. Synthesis of IgM in unstimulated cultures and of both IgM and IgG in cultures stimulated with pokeweed mitogen was markedly reduced in patients with Hodgkin's disease, whereas the mean level of the spontaneous IgG synthesis was enhanced. The degree and frequency of in vitro abnormalities were not influenced by disease stage or histology. Depression of pokeweed mitogen-induced immunoglobulin synthesis did not correlate with excessive number of monocytes and it was unaffected by removal of phagocytic cells or addition to the cultures of monocytes from normal individuals. On the other hand, monocytes isolated from blood of patients with Hodgkin's disease were even more effective than normal monocytes in supporting pokeweed mitogen-induced immunoglobulin synthesis by normal phagocyte-depleted mononuclear cells. Synthesis of both IgM and IgG induced by pokeweed mitogen remained subnormal after addition to patient B cell cultures of autologous irradiated T cells or allogeneic normal T lymphocytes. T cells from patients with Hodgkin's disease appeared at least as effective as normal T cells in helping pokeweed mitogen-induced immunoglobulin production by normal B cells. 
A B S T R A C T The immunoglobulin-synthesizing activities of peripheral blood mononuclear cells from 57 untreated patients with Hodgkin's disease and 47 normal subjects were compared. Cumulative amounts of IgM and IgG synthesized and secreted by unstimulated and pokeweed mitogen-stimulated cells over a 7-d period were determined in a solid-phase radioimmunoassay. Synthesis of IgM in unstimulated cultures and of both IgM and IgG in cultures stimulated with pokeweed mitogen was markedly reduced in patients with Hodgkin's disease, whereas the mean level of the spontaneous IgG synthesis was enhanced. The degree and frequency of in vitro abnormalities were not influenced by disease stage or histology.
Depression of pokeweed mitogen-induced immunoglobulin synthesis did not correlate with excessive number of monocytes and it was unaffected by removal of phagocytic cells or addition to the cultures of monocytes from normal individuals. On the other hand, monocytes isolated from blood of patients with Hodgkin's disease were even more effective than normal monocytes in supporting pokeweed mitogen-induced immunoglobulin synthesis by normal phagocyte-depleted mononuclear cells. Synthesis of both IgM and IgG induced by pokeweed mitogen remained subnormal after addition to patient B cell cultures of autologous irradiated T cells or allogeneic normal T lymphocytes. T cells from patients with Hodgkin's disease appeared at least as effective as normal T cells in helping pokeweed mitogen-induced immunoglobulin production by normal B cells. However, when normal T cells were co-cultured with B cells from patients with Hodgkin's disease, spontaneous IgG synthesis declined, whereas the addition of patient T cells
Received for publication 21 May 1982 and in revised form 26 November 1982. to normal B cells resulted in an increase of spontaneous IgG synthesis. In patients showing depression of pokeweed mitogen-induced immunoglobulin synthesis the lymphoproliferative response and immunoglobulin synthesis stimulated by Staphylococcus aureus bacteria of the Cowan first strain, a T cell independent B cell mitogen, were also markedly reduced.
These studies demonstrate impairment of immunoglobulin synthesis by cultured lymphocytes from untreated patients with Hodgkin's disease after stimulation with polyclonal B cell activators and suggest that the in vitro abnormalities may be, at least in part, the result of a preexisting in vivo activation of lymphocytes in Hodgkin's disease patients.
INTRODUCTION
Patients with Hodgkin's disease (HD)' frequently have impaired cell-mediated immunity, as demonstrated by anergy to recall skin tests (1) , failure of dinitrochlorobenzene sensitization (2) , and impairment of in vitro lymphocyte proliferation induced by mitogens (3) (4) (5) , recall antigens (6, 7), or allogeneic cells (8) .
In contrast to cell-mediated immunity, antibody responses to immunization with various antigens are usually normal (1) and serum immunoglobulin (Ig) levels are normal or elevated (9, 10) (12) .
To obtain fractions enriched in B lymphocytes, phagocytedepleted MNC suspensions were deprived of T cells by a double E-rosetting procedure with neuraminidase-treated sheep erythrocytes (SRBC) (13) . These non-T, nonphagocytic, MNC suspensions contained <1% E-rosette-forming cells (E-RFC) and <5% nonspecific esterase-staining cells. The percentage of surface immunoglobulin-bearing cells (sIg') was evaluated in non-T, nonphagocytic, cell suspensions from 22 HD patients and in those of 24 normal subjects by rosetting with a mixture of erythrocytes coated with antiji-or anti-6-chain immunosorbent-purified rabbit antibodies (14) . The mean value (±SE) in HD patients (46.2±1.3%) did not significantly differ from that of normal controls (47. 1±1.4%).
Purified T cells were prepared by a double-E-rosetting procedure with neuraminidase-treated SRBC (13) . These purified T cell suspensions contained >95% E-RFC and <1% sIg' cells.
Monocyte-rich fractions were obtained by discontinuous density gradient centrifugation on Percoll (Pharmacia Fine Chemicals, Uppsala) according to the technique described by Kurnick et al. (15) . The fractions recovered at the interface between 40 and 50% Percoll solutions contained >85% nonspecific esterase-staining cells and <10% lymphocytes. In some experiments monocyte-rich fractions were also prepared using adherence technique to FCS-coated plastic surfaces, as reported by Kurland and Bockman (16 Ig culture system. Duplicate cultures were prepared in round-bottomed polystyrene tubes. Unless otherwise stated, each culture contained 1 X 106 cells, 0.9 ml of RPMI medium with antibiotics and 2 mM 1-glutamine added, and 0.1 ml heat-inactivated FCS. Co-cultures consisting of combinations of monocyte-rich fractions and phagocyte-depleted populations or T cell-and B cell-enriched fractions from normal subjects and HD patients were also carried out. In these co-culture systems concentrations of monocytes ranging between 2 X 104 and 0.5 X 106 were added to 1 X 106 phagocyte-depleted MNC. In co-cultures of T and B cells, 1 X 106 T lymphocytes were added to 0.2 X 106 B cellenriched fractions, since this T to B cell ratio roughly mirrors that of unfractionated MNC suspensions and it had been found optimal in a series of preliminary experiments. Cultures were stimulated with PWM (Gibco Laboratories) (5 ,ul/ml) or Cowan Staph (4 X 106 bacteria/ml), which had been prepared as detailed elsewhere (13) . All cultures were maintained in an incubator under a 5% CO2 atmosphere at 37°C for 7 d.
Measurement of IgM and IgG levels in culture supernatants. The amount of IgM and IgG protein secreted by cells into the supernatants was determined by a solid-phase radioimmunoassay. The assay was performed in microtiter plates filled with purified polyclonal IgM or IgG at a concentration of 10 jig/ml. After overnight incubation, the coating solution was removed, the wells washed and incubated again with 10% bovine serum albumin to saturate any remaining protein-binding surface. The wells were then incubated overnight at 4°C with samples to be assayed and monospecific 1251-labeled anti-ji-or anti--y-chain antibodies, prepared in rabbit and purified as detailed elsewhere (14) . After washings, the individual wells were cut apart and the bound radioactivity was determined. For each radioimmunoassay a 10 point standard curve of IgM and IgG was performed in parallel with the culture samples on each plate. The sensitivity of this assay ranged between 100 and 20,000 ng Ig/ml. Lymphoproliferative culture system. Assay for DNA synthesis was performed as detailed in previous papers (13, 14) .
RESULTS
Spontaneous and PWM-induced Ig synthesis in patients with HD. We measured IgM and IgG synthesis by MNC from 47 control subjects and 57 untreated patients with HD in unstimulated cultures and in cultures stimulated with PWM. As shown in Table  I , IgM synthesis from patient MNC was significantly reduced either in the absence (P < 0.002) or in the presence of PWM (P < 0.0005). IgG production by MNC from patients with HD was reduced in the pres- Study of helper and suppressor T cell activity in unstimulated and PWM-stimulated co-cultures. To exclude the possibility that an exaggerated T suppressor activity was responsible for depression of PWM-induced Ig synthesis in patients with HD, the ability of different concentrations of T cells from HD patients to support PWM-induced Ig synthesis by autologous B cell-rich fractions was evaluated. Furthermore, parallel cultures were established with irradiated (2,000 rad) T cells, because this treatment has been shown to remove the majority of suppressor T lymphocyte activity (19) . As shown in Table III (20) .
Several explanations for the reduced Ig production can be offered. Since Ig synthesis induced by PWM is subject to the regulatory activity of monocytes (21, 22) , the abnormality could be associated with an increase in the number of these cells relative to lymphocytes in MNC suspensions (23) . Indeed, using monoclonal antibodies reactive with monocytic cells we could confirm a recent report showing higher concentrations of monocytes in Ficoll-Hypaque MNC suspensions from patients with HD than in controls (20 (27) (28) (29) , and antibodies against Epstein-Barr and other viral antigens (30, 31) in patients with HD. Depressed Ig synthesis after stimulation with PWM, associated with enhanced spontaneous IgG synthesis, has also been reported in patients with systemic lupus erythematosus (32, 33) and Henoch-Sch6nlein purpura (34) and attributed to an excessive B cell stimulation in vivo (35) (36) (37) (38) .
Excessive B cell stimulation may result from endogenous or exogenous polyclonal B cell activation, as well as altered T cell regulation. The results presented herein showed that when B cells from HD patients were co-cultured with normal T cells spontaneous IgG synthesis declined. Since we could exclude the possibility that normal T cells were affected by products of HD B cells, such as anti-T antibodies, it is reasonable to suppose that the reduction of spontaneous IgG production in vitro reflects differences in the regulatory ability of normal and HD T lymphocytes. This possibility was further supported by the observation that the addition of T (39) , which spontaneously synthesize DNA (40, 41) and show similarities with lymphocytes detectable under conditions of known antigenic challenge (42, 43) . It is also consistent with the demonstration of in vivo production of migration-inhibitory lymphokinelike substances (44 
